The abiotic formation of high-molecular-weight organics from an inorganic gas mixture of carbon monoxide, ammonia, and water as a result of 3-MeV proton irradiation from a Van de Graaff accelerator was experimentally verified. The inorganic gas mixture was simulated for representative of interstellar medium. The irradiation products included amino acid precursors and the molecular weight distribution ranged from several hundred to a maximum 5 of 3,000.
Both proteinous and non-proteinous amino acids were detected after acid-hydrolysis. Thus, the primary irradiation products were not free amino acid analogs but were amino acid precursors having high molecular weight. The present results have significant implications regarding the extraterrestrial origins of amino acid precursors, such as meteoritic organic compounds, and the organic composition of interstellar dust particles. 10
The generation of life would have required the fundamental building blocks of bio-organic compounds and is believed to have occurred via a process generally described as "Chemical Evolution". 1 Organic compounds are thought to have been formed and transformed in interstellar dust particles (ISDs) as they traveled in molecular and diffuse clouds, after which they were preserved in comets in the proto-solar system. 2 It therefore seems that the first 5 steps of abiotic organic compound formation occur in molecular clouds of ISDs. The likely carbon sources for abiotic formation of organics in the ISD environment are carbon monoxide, formaldehyde and methanol, while the major nitrogen source is ammonia. 3, 4 Nitrogen (N 2 ) may be present in the ISD environment, but it cannot be detected spectrometrically. Recent experiments using UV irradiation of mixtures containing methanol 6, 7 and quantitative discussion 8 have yielded significant results in the field of interstellar organics.
However, little is known about the primary irradiation products. Kobayashi et al. 9 suggested that the primary products from proton irradiation of the primitive earth atmosphere (carbon 15 monoxide, nitrogen, and water) could be only amino acid precursors (molecules which provide amino acids after hydrolysis) not the free amino acid themselves. Miyakawa et al. 10 developed the magneto plasma dynamic arc-jet (MPD arc-jet) to synthesize amino acids from an amorphous substance composed of carbon, nitrogen, and oxygen. It has been confirmed that amino acid precursors 8, 9, 11 and nucleic acid precursors 12,13 were formed by irradiation of 20 primitive earth atmosphere components, although the matrix composition of the irradiation products has not been elucidated. Here, we report the abiotic formation of high molecular weight organics from an inorganic gas mixture of carbon monoxide, ammonia, and water after high-energy proton irradiation derived from a Van de Graaff accelerator. The present study investigated the primary irradiation products of interstellar dust organics and elucidated their morphological aspects. Torr of water vapor at room temperature. Gas mixtures were irradiated with 3 MeV protons generated by a Van de Graaff accelerator at the Tokyo Institute of Technology. Total energy delivered to the gas mixture was 4,000 J, as given by the product of the number of particles delivered and ionization energy loss of a single particle in the gas mixture. Deionized water was further purified with a Millipore Milli-Q LaboSystem TM and a Millipore Simpli Lab-UV 15 (Japan Millipore Ltd., Tokyo, Japan) in order to remove both inorganic ions and organic contaminants. Prior to use, all glassware was heated in a high temperature oven (Yamato DR-22) at 500°C in order to eliminate any possible contaminants. 50 µl of the irradiated sample was injected into a Gel Filtration High Performance Liquid Chromatography (HPLC) system composed of an HPLC pump (TOSOH DP-8020) and a UV 20 detector (TOSOH UV-8020). The columns used were a TSKgel G2000 SWxL (7.8 mm i.d.
x 300 mm) for gel filtration, and an Inertsil ODS-3 (4.6 mm i.d. x 250 mm) for reversed-phase chromatography. The mobile phase was a mixture of 25 mM acetonitrile (75%) and 0.1% trifluoroacetic acid (25%). Molecular weights were calibrated with polyethylene glycol (PEG) and human serum albumin molecular weight standards.
As shown in Fig. 2 , unexpectedly high molecular weight organic compounds were formed 5 from the inorganic gas mixtures: The molecular weight distribution ranged between several hundred and ca. 3,000 Da, and peaks corresponding to 2,800, 1,100, and 800 Da were 14 Column temperature was maintained at 55°C. Gradient elution was performed using eluents A (0.07 M sodium citrate perchloric acid, pH 3.2, containing 7% ethanol) and B (0.2 M sodium citrate boric acid-NaOH, pH 10).
A representative ion-exchange chromatogram of the proton irradiation products is shown in Fig. 3 . Relative concentrations of the hydrolyzed amino acids are shown in Table 1 . A 20 wide variety of proteinous amino acids, such as glycine, alanine, and aspartic acid, as well as non-proteinous amino acids, such as β-alanine, α-and γ-aminobutyric acid, were detected in the hydrolyzed fraction. The major components were the C 2 , C 3 and C 4 amino acids of glycine, alanine and aspartic acid, respectively. In the unhydrolyzed fraction, only small amounts of glycine were detected. This demonstrates that amino acid precursors rather than free amino acids were formed from the inorganic gas mixture. In order to quantitatively 5 evaluate the yields of amino acids, G-values (number of molecules formed per 100 eV) of glycine after acid-hydrolysis were preliminary given as 2.2 x 10 -2 .
15
Glycine was the predominant individual amino acid among the high molecular weight organics. This strongly suggests that extraterrestrial amino acids are contained within high-molecular-weight matrices in cometary or meteoritic complex organics. 10
Cometary organics are considered to be a possible source of the terrestrial biosphere. 3, 16 Complex organic compounds were discovered in the coma of Comet Halley but the presence of free amino acids was not confirmed. 17 The simplest amino acid, glycine, has been the target of telescopic observation of interstellar media in efforts to detect extraterrestrial amino acids. 18 Because of its key role in the formation of proteins, and other bio-molecules, this 15 search is worth resuming, despite the lack of success to date. The possible presence of glycine in molecular clouds has been reported, 18 but the signal has not been confirmed. 19 Recently, successful detection of interstellar glycine was reported by Kuan et al. (2003) . 
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